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In spite of this development, cheaper aluminide coatings are still widely used on the DS superalloys to protect them from high temperature oxidation and corrosion attack. This paper discusses the modes of service induced degradation such as oxidation, thermal fatigue (TF) and interdiffusion in a DS nickel based superalloy with a diffusion aluminide coating which is currently being used in the high pressure turbine (HPT) of an advanced aero engine. The presence of complex internal cooling passages in the blade along with poor TF properties of the aluminide coating give rise to the initiation of a large number of cracks in the coating.
Ingress of oxidants through these cracks leads to the failure of the component. These degradation modes are discussed individually in the following.
Oxidation and Plugging of Tip Cooling Holes
The DSRe& 80H blade has several cooling holes in the blade tip region as shown in Figure  l (b) . These cooling holes were found in the partially or fully plugged state after service exposure ( Figure  2 This condition was actually observed in the service exposed turbine blades. Since the new blades were "tip ground" prior to engine installation and/or were allowed to cut through the high pressure turbine shroud during testing, the aluminide coating in both cases was removed thus exposing the bare tip surface.
As a result, severe oxidation of the DSRene 80H substrate alloy was observed at the tip in the vicinity of cooling holes as depicted in Figure 2 .
Tip Oxidation and Cracking
The high pressure turbine blade had undergone catastrophic oxidation and radial cracking at the blade tip, specifically between the mid-chord and trailing edge regions. The damage to the blade trailing edge was found to be much more severe than in other regions.
This damage is illustrated in Figure 3 . The tip degradation found by examination of a number of service exposed blades is summarized as follows:
The number of tip cracks ranged from 6 to 12 per blade.
(ii) The tip was heavily oxidized.
Since the tip cooling holes were partially coated during the aluminide coating process, they were little affected by oxidation compared to the surrounding base surface.
The evidence that the cooling hole walls stand above the oxidized substrate alloy supports this view point, (Figure l (a)>.
(iii)The tip cracks usually have a broad mouth (1-3 mm) towards the trailing edge of the concave surface. Some of these cracks extended up to the convex surface i.e., across the entire trailing edge thickness.
Such cracks were in fairly advanced stages, therefore their origin could not be established.
(iv) It is suggested that these cracks were of thermal fatigue nature resulting from the variation in temperature across the trailing edge region of the blade.
Loss of aluminide coating due to tip grinding before installation and/or tip rubbing against the turbine shroud during engine operation may also have contributed towards initiation of such cracks.
(v) Extensive loss of substrate alloy in the tip cracks by oxidation followed by scale evaporation, spalling or erosion contributed towards the widening of these cracks.
In the HPT blades examined so far, it is believed that the predominent mode of material loss from these cracks is by evaporation since no visible signs of erosion or spalling were observed. (
(vii)The radial cracks proceedjng downwards gave rise to a number of fine axial cracks.
The oxidation of substrate alloy DSReni! 80H was not confined to the tip regions, but also extended into the interior of the blade through the tip cracks.
Figures 4 (a) and (b) show longitudinal cross-sections of a blade in which cracks extended from the tip and propagated in the radial direction.
Some of these cracks originated at the grain boundaries near the blade tip and some far away from it, suggesting that the grain boundary channels of the DS alloy did not have any major impact on the material degradation process.
a. The outer scale layer contained Ti and Cr rich oxides and the inner layer contained small elongated internal oxide particles rich in Al and Ti. The morphology of oxidation products in a growing crack was quite similar to the general tip oxidation morphology except in certain regions where the internal oxides had formed a complete layer (Figure 6 ).
Elemental
X-ray analyses near the internal oxidation zone revealed a depletion of Al, Ti and Cr in the alloy matrix. Absence of gamma prime ( 7') was noticed in this depleted zone. The severity of the depletion was best judged by comparing the morphology, size and volume fraction of the 7' phase in the depleted zone and the alloy underneath. The oxide in the cooling hole can act as an insulator and limit heat transfer from the blade to the internal cooling air.
